Aim: This study was conducted to demonstrate the anti-atherosclerotic effect of dehydroepiandrosterone (DHEA) and to investigate its possible mechanisms and whether this effect is related to its conversion to estrogen. Methods: Forty male New Zealand White rabbits aged 3 months were divided into 5 groups (n=8 per group) and fed different diets for 10 weeks. Serum lipid levels, the area of atherosclerotic lesions and the mRNA levels of monocyte chemoattractant protein-1 (MCP-1) and vascular cell adhesion molecule-1 (VCAM-1) in aortic lesions were measured. Then cultured vascular smooth muscle cells (VSMCs) stimulated by oxidized low density lipoprotein-cholesterol (ox-LDL) were treated by DHEA. The gene and protein expression levels of MCP-1 and VCAM-1 in VSMCs was detected. The plasmid with or without the gene of cytochrome P450 aromatase (CYP19) was transient transfected into cultured VSMCs respectively. Twenty hours later, the cells were stimulated with ox-LDL and DHEA. Results: DHEA could obviously decrease the area of atherosclerotic lesions and the expressions of MCP-1 and VCAM-1 in aortic lesions. But all-trans retinoic acid (atRA) which was reported would limit restenosis after balloon angioplasty had no visible synergistic effect with DHEA. DHEA could also reduce ox-LDL-induced MCP-1 and VCAM-1 expression in untransfected or transfected VSMCs.
Introduction
Dehydroepiandrosterone (DHEA) is a C-19 steroid that is synthesized mainly by the human adrenal cortex. Its plasma levels significantly increase following puberty, but decline with advancing age [1] . Therefore, some scholars refer to DHEA as the youth hormone [2] . DHEA and its sulfated ester, DHEA sulfate (DHEAS), are produced in higher levels than any other circulating steroid hormone. Most circulating DHEA is in the form of DHEAS, which functions as an inactive reservoir for DHEA. Epidemiological observations and animal experiments indicate that DHEA has a wide variety of beneficial biological and physiological effects, including prevention of atherosclerosis [3] [4] [5] [6] [7] . However, the mechanisms responsible for the anti-atherosclerosis effects of DHEA are largely unknown. Several investigations have proposed that DHEA is converted enzymatically to testosterone and estradiol in peripheral tissues to play roles [8, 9] . One of the earliest detectable cellular responses in the formation of atherosclerotic lesions is increased adhesion of mononuclear cells to the injured endothelium, followed by their extravasation into the vessel wall [10] . Exactly how these cells are recruited and retained in the artery wall remains unclear, but researchers speculate that cell adhesion/chemoattractant molecules play a key role in this process [11, 12] . Various adhesion molecules have been identified in atherosclerosis, including vascular adhesion molecule-1 (VCAM-1, CD106). The expression of VCAM-1 mediates the binding of monocytes and lymphocytes to vascular endothelial cells through interactions with a counterreceptor, the very late activation antigen-1 (VLA-1) [13] . In hypercholesterolemic animals, VCAM-1 is upregulated over early foam cell lesions, particularly at the periphery [14] , where monocyte adhesion is maximal [15] . Monocyte chemoattractant protein (MCP)-1 which belongs to the CC subfamily of the chemokine family, is an important chemokine that stimulates the migration of monocytes into the intima of the arterial wall [12] . It has been demonstrated that MCP-1 expression occurs in the arterial wall in response to hypercholesterolemia in rabbits. Oxidized LDL also induces local vascular cells to produce monocyte chemotactic protein-1 (MCP-1), which causes monocyte recruitment and promotes the release of lipids and lysosomal enzymes into the extracellular space, thereby enhancing the progression of the atherosclerotic lesion [16] . Various types of cells such as vascular smooth muscle cells are known to produce MCP-1 in response to diverse stimuli, including proinflammatory cytokines and pathological microorganisms [17] . The expression levels of MCP-1 and VCAM-1 may provide corresponding severity levels of atherosclerosis.
Accordingly, this study was performed to examine the effects of DHEA on atherogenesis in rabbits on high cholesterol-fed diets and in cultured vascular smooth muscle cells (VSMCs). Ox-LDL and DHEA were given to the VSMCs which were separately transiently transfected by the plasmid with or without the gene of cytochrome P450 aromatase (CYP19), which is the key enzyme in DHEA converting into testosterone and estradiol, and the expression level of MCP-1 and VCAM-1 were detected to judge whether the anti-atherogenic effects of DHEA is through the conversion of DHEA into testosterone and estradiol.
Materials and methods
Materials Fetal bovine serum (FBS), culture medium M199, Dulbecco's modified Eagle's medium (DMEM)/F12 and Opti-MEM was obtained from Gibco, USA. DHEA was purchased from Fluka. All-trans retinoic acid was bought from Shangdong Liangfu Group Pharmaceutical Co, Ltd, China. Lipofectamine2000, primer and Trizol were supplied by Invitrogen. M-MLV reverse transcriptase, olig(dT), and real time polymerase chain reaction (PCR) kit were supplied by Toyobo. Enzyme-linked immunosorbent assay (ELISA) kit was obtained from Biosource. An EZNA Fastfilter Endofree plasmid Maxi Kit was supplied by Omega. Ox-LDL and pEGFP-C3 were provided by the Department of Biochemistry and Molecular Biology, Tongji Medical College, Huazhong Science and Technology University. The plasmids of PCMV and PCMV-CYP19 were generously donated by Prof CONLEY (University of California-Davis California, USA).
Animals and diets New Zealand White (NZW) rabbits were purchased from the Animal Experiment Center of Tongji Medical College, Huazhong Science and Technology University. Forty male New Zealand White rabbits (3 months old) and weighing 2.0-2.5 kg were individually caged and maintained in a controlled facility at 20±3°C with a 12-h light/dark cycle and with free access to water. The rabbits were divided into 5 groups (n=8 per group) and fed the following diets for 10 weeks. Group 1 received a highcholesterol diet (regular rabbit diet with 1% cholesterol [HCD]). Group 2 received the HCD supplemented with 0.25% DHEA. Group 3 received the HCD supplemented with 0.25% DHEA and atRA (0.6 mg·kg -1 ·d -1 ). Group 4 received a regular diet supplemented with 0.25% DHEA. Group 5 received a regular diet.
Serum lipids determination All rabbits were anesthetized with thiopental sodium and the blood samples (5 mL) were directly obtained from the heart. Collected serum was analyzed in an automatic blood chemical analyzer and the serum concentrations of total cholesterol (TC), triglyceride (TG), high-density lipoprotein cholesterol (HDL-C) and low-density lipoprotein cholesterol (LDL-C) were obtained.
Histological evaluation of atherosclerosis The descending thoracic aorta was then dissected longitudinally and separated into three portions. The first portion, a one-centimeter segment proximal to the outlet of the first intercostal artery was frozen in liquid nitrogen until further processing. The second portion, a segment between the first and the second intercostals artery, was paraffin-embedded and routinely processed, for histological examination. The third portion, a segment between the second and the seventh intercostals arteries, was fixed in 10% neutral buffered formalin for 1 day. The aorta was then placed in absolute propylene glycol for 2 min and stained with Sudan IV for 4 h. After washing, the extent of the Sudan IV-positive area was measured and expressed as a percentage of the internal surface using a computer-assisted morphometry system (HMIAS-2000 high definition Image analysis system, Qianping, Wuhan, China). The second portion of the aorta was cut into 4 mm sections. Parts of the sections were stained with basic fuchsin elastic stain and the most obvious intima hyperplasia was chosen to detect the parameters of the morphological change by light microscopy. The parameters were: intima and media thickness of the aorta and the ratio of intima and media.
MCP-1 and VCAM-1 mRNA expressions in rabbit artery Total RNA was isolated from the first portion using TRIZOL reagent. MCP-1 and VCAM-1 mRNA expressions were determined by semiquantitative PCR, using GAPDH as an internal standard. The concentrations and purity of total RNA were calculated after spectro photometric measurements at 260-nm wavelength. Each RNA sample (4 µg) was reverse transcribed into cDNA. 1 µL of cDNA was dissolved in 20 µL of a reaction mixture containing 2 µL of 10×PCR buffer, 0.4 µL of dNTP, 0.4 µL of up and downstream prim-ers, 1.2 µL of MgCl 2 , 0.2 µL of Taq polymerase and distilled water. The PCR conditions of MCP-1, VCAM-1 and GAP-DH genes are shown in Table 1 . Amplification products obtained in PCR were electrophoretically separated on 2% agarose gel.
VCAM-1 protein expression in rabbit artery Immunohistochemical analysis was performed on the second portion of the aorta for detection of VCAM-1, using rabbit polyclonal antibodies against rabbit VCAM-1 (1:200). Endogenous peroxidase was blocked with 0.3% H 2 O 2 for 20 min. The secondary antibodies for immunostaining were biotin-conjugated goat anti-rabbit immunoglobulins.
VSMCs culture The thoracic cavity was open under the aseptic condition and the thoracic aorta was obtained from male Sprague-Dawley rats of 4-6 weeks old had been decapitated. The aorta was put in phosphate-buffered saline (PBS) and the intima was scraped. VSMCs were cultured by the explant attached method [18] and the complete medium of the cells contained M199 supplemented with 10% FBS and 0.03% glutamine. The VSMCs were fusiform and had peak and valley characteristics observed under the phase contrast microscope when growing to the confluence condition. Meanwhile, the monoclonal antibody of α-actin was used to identify the cells by immunohistochemistry. The 3−4 passages of VSMCs were used for the experiment. The purity of the cells was above 95%. Confluent VSMCs were digested by trypsin solution and adjusted to the density of 1.0×10 6 cells/mL for subculture. Parts of the cells were attached to cover glasses in incubation bottles for immunocytochemistry analysis. Twenty hours later, the medium were changed into DMEM/F12 serum-free medium and the cells were continued culturing for 24 h until the metabolic stage. The cells were then divided into 6 groups. Group 1 (normal control group): cells cultured in DMEM/F12 serum-free medium; group 2 (ox-LDL induced group): cells cultured in DMEM/ F12 serum-free medium plus 50 mg/L ox-LDL; group 3 Transient transfection Tranfection was carried out after determining the best transfection efficiency, which was caught when the density of the cells was 2.0×10 5 cells/mL and the ratio of DNA (µg) to Lipofectamine 2000 (µL) was 1:2 ( Figure 1 ). And in preliminary transfection, other two enzymes besides CYP19, 3beta-hydroxysteroid dehydrogenase (3betaHSD) and a 17beta-hydroxysteroid dehydrogenase in synthesis of estradiol from DHEA were detected by semiquantitative PCR to ensure that DHEA could be transformed into estradiol after transfection. VSMCs were plated into 12-well format at the planting density of 2.0×10 5 cells/well the day before transfection, cultured in complete medium. Twenty hours later, the cells were washed several times and transfected separately with the plasmids of PCMV-CYP19 or PCMV. Another 24 h later, the medium was changed into Opti-MEM reduced serum medium and cultured for 2 h to make the cells synchronized. Then the cells transfected with PCMV-CYP19 or PCMV were divided into 3 groups: group 1 (control group): cells cultured in Opti-MEM reduced serum medium; group 2 (ox-LDL induced group): cells cultured in Opti-MEM reduced serum medium plus 50 mg/L ox-LDL; group 3 (ox-LDL and DHEA group): cells cultured in Opti-MEM reduced serum medium plus 50 mg/L ox-LDL, 5 µmol/L DHEA. Each group could be divided by the wells transfected with the plasmid of PCMV-CYP19 and the wells with PCMV. The cells and supernatant were collected 24 h later. MCP-1 and VCAM-1 mRNA expressions in VSMCs Total RNA was extracted from each group of VSMCs using TRIZOL. The cDNA reversed from total RNA of VSMCs was amplified by PCR and electrophoretically displayed on 2% agarose gel. The PCR conditions of MCP-1, VCAM-1 and β-actin genes were shown in Table 1 and the protocol was the same as before. Images of Goldwell-stained bands for MCP-1, VCAM-1 and β-actin cDNAs were scanned with the SQ9636 scanning system. The intensity of the bands (A) was densitometrically measured with the HMIAS-2000 high definition color medical analytic system. All MCP-1 and VCAM-1 signals were normalized to mRNA levels of the housekeeping gene β-actin and expressed as a ratio.
VCAM-1 and MCP-1 protein in VSMCs The protein was detected by immunocytochemistry, Western blot and ELISA. Immunocytochemistry analysis: VSMCs, which were attached to cover glasses in incubation bottles were fixed with a mixture of acetone and ethanol (1:1) for 10 min. Immunocytochemical analysis was carried out by anti-VCAM-1. Results were determined using a multicolor image analysis system (HMIAS-2000).
Total cell extracts were subjected to Western blot analyses. Protein extracts were separated by SDS-PAGE using 7.5% polyacrylamide gels and electroblotted onto hydrophobic polyvinylidene difluoride membranes. After electroblotting, the membranes were blocked with 5% nonfat dry milk in 10 mmol/L Tris-HCl (pH 7.4) with 150 mmol/L NaCl and 0.1% Tween 20 (TTBS) for 1 h at 23°C. The membranes were then incubated with goat polyclonal antibodies against rat VCAM-1 overnight. After several washes, the membranes were incubated for 1 h with peroxidase-conjugated secondary antibody. The immunoreactive proteins were identified using an enhanced chemiluminescence reagent system, and analyzed with a gel documentation system (GDS8000, UVP, UK and HMIAS-2000).
ELISA analysis: The supernatant of transfected VSMCs was plated on 96-well plates that had been incubated with the first antibody. The detection was done according to the protocol of the ELISA kit. Plates were read on an ELISA reader at optical density (OD) 492 nm after blanking on rows stained only with second step antibody. Data represents the intensity of the samples (A). Statistical analysis The data were analyzed by the statistics software of SPSS12.0. Normal distributed results that were tested for normality are expressed as mean±SD obtained from at least three separate experiments in each group. Differences between groups were assessed by oneway ANOVA and Newman-Keuls multiple comparison test where appropriate. Significance was defined at P<0.05.
Results
Serum lipids Changes in the serum lipid levels are shown in Table 2 . After 10 weeks, there were no significant differences in triglyceride and HDL levels among the 4 experimental groups and the control group (group 5) over the course of the study. Group 1 (HCD group) had the highest TC, TG and LDL levels. Compared with this group, the addition of DHEA to the diet decreased LDL level and the addition of DHEA and atRA to the diet decreased TC and LDL levels. Group 3 had lower TC and LDL levels compared with group 2. There was no obvious difference between group 4 and 5.
Aortic fatty streak lesions The fatty streak lesions of the thoracic aorta in each group were easily identified by staining with Sudan IV. Broad and fused fatty streak lesions were found in group 1, whereas small plaques were sparsely observed in group 2 and 3 ( Figure 2 ) and the area of atherosclerotic lesions (fatty streaks and fibrofatty plaques) were measured ( Table 3 ). The second portion of the thoracic aorta was stained with basic fuchsin elastic stain. The intima and media thickness of the aorta and the ratio of intima and media were calculated (Table 4 ). Histological examination of the aorta revealed intima thickening was mainly due to an accumulation of foam cells, and proliferation of smooth muscle cells in the intima and a deposition of extracellular matrix substances. The intima thickness of the aorta and the ratio of intima and media in group 1 were the highest. Group 2 had obvious decreases on the two indexes compared with group 1, though the thickness and the ration were higher than the baseline level (group 5). There was no significant difference between group 2 and 3, and group 4 and 5.
MCP-1 and VCAM-1 mRNA levels in rabbit artery Expression levels of MCP-1 and VCAM-1 mRNA in rabbit artery were displayed in Figure 3 . Group 1 expressed the highest levels of both genes. Addition of DHEA to HCD decreased MCP-1 and VCAM-1 PCR products but there was no obvious difference after adding atRA. No difference was observed between group 4 and 5.
VCAM-1 protein expression in rabbit artery To establish that DHEA resists atherosclerosis in rabbit artery through inhibiting the secretion of VCAM-1, immunohistochemical analysis was performed (Figure 4 ). The HCD group had massive brown-yellow particles under the rabbits' aortic endothelium, prompting huge VCAM-1 protein secretion. Compared with this group, there were just basic secretion in group 4 and 5, and attenuation could be observed in group 2 and 3. However, there was no significant difference between group 2 and group 3.
MCP-1 and VCAM-1 mRNA levels in VSMCs Three clear bands of each group of VSMCs stained by Goldwell were discovered under the uviol lamp: one was the MCP-1 gene of 440 bp, one was the VCAM-1 gene of 570 bp, and the third was the housekeeping gene β-actin of 173 bp based on the DNA marker. In untransfected VSMCs Figure 2 . Aortic fatty streak lesions of each group in animal experiment. The descending thoracic aorta after be fixed in 10% neutral buffered formalin for 1 day was placed in absolute propylene glycol for 2 min and then stained with Sudan IV for 4 h. After washing, the fatty streak lesions were stained red. Arrow: the fatty streak lesion of each group. Group 1 was stained most seriously, almost the whole aorta was red. Group 2 and 3 were partly stained red, group 4 and 5 have no change after staining. Group 1: a regular rabbit diet plus 1% cholesterol and 3 % lard (HCD); group 2: 0.25% DHEA was incorporated into the diet of group 1; group 3: the diet of group 1 plus 0.25% DHEA and alltrans retinoic acid (0.6 mg·kg -1 ·d -1 ); group 4: 0.25% DHEA was incorporated into the regular diet; group 5: a regular diet. Fatty streaks were obvious in group 1, and less in group 2 and 3. No fatty steal could be seen in group 4 and 5. ( Figure 5 ), compared with other groups, the expressions of MCP-1 and VCAM-1 mRNA of the ox-LDL induced group were conspicuously higher. When DHEA was added, the expression decreased evidently. There were no obvious difference between the DHEA group and the normal control group. In transfected VSMCs (Figure 6 ), the cells tranfected with PCMV-CYP19 or PCMV after being given 50 mg/L, ox-LDL had obviously considerable MCP-1 and VCAM-1 mRNA contents than any other groups. After being given 5 µmol/L DHEA, the expressions of MCP-1 and VCAM-1 mRNA decreased, the alteration coincided with the change in untransfected cells. However, there were no significant difference between the cells tranfected with PCMV-CYP19
and the cells tranfected with PCMV. Figure 7 , all groups of cultured VSMCs express VCAM-1 protein. Compared with the normal control group, ox-LDL obviously enhanced VCAM-1 protein expression. Compared with the ox-LDL induced group, VCAM-1 expression decreased after DHEA was added in. There were no visible difference between the DHEA group and the normal control group. The results of Western blot analysis were same (Figure 8) .
VCAM-1 and MCP-1 protein expression in VSMCs As displayed in
The supernatant of transfected VSMCs was extracted from the wells 24 h after being given the drugs. The MCP-1 protein was detected following the protocol of the ELISA kit. Results are displayed by the intensity (A) at 492 nm detected by the ELISA reader ( Figure 9) . No matter what plasmid the cells were transfected with, the ox-LDL induced group had the largest MCP-1 quantity, and DHEA apparently inhibited MCP-1 protein expression. The difference in the expression of MCP-1 protein between the ox-LDL and DHEA group that was transfected with the plasmid of PCMV-CYP19 or with the plasmid of PCMV was not clearly observed.
Discussion
This study showed that dietary treatment of rabbits with high-cholesterol diets made a successful atherosclerotic model, and 0.25% DHEA could inhibit the development of atherosclerosis. However, the serum lipid levels had little difference among these groups with or without DHEA. DHEA may have some effects on the plasma lipid profile through the peroxisomes or related enzymes [19] . However, the likelihood of such an effect is slight, because DHEA treatment did not change the serum lipid profile in this study; it seemed there might be other way to anti-atherosclerosis. The attenuation of atherogenesis in rabbits given HCD and 0.25% DHEA compared with rabbits given just HCD is paralleled with the expression of MCP-1 and VCAM-1 in those two groups, no whether the gene detections or the immunohistochemical analysis results. Furthermore, the variation of MCP-1 and VCAM-1 was in coincidence. These results all suggest that DHEA has anti-atherogenic function, which is closely related to the expression of MCP-1 and VCAM-1.
Ox-LDL has been implicated as an important trigger and sustaining element of atherosclerotic lesions. LDL oxidized by free radicals derived from activated macrophages, endothelial and smooth muscle cells are considered as the major atherogenic lipoproteins [20] . In VSMCs experiment of this study, the function of DHEA to VSMCs, which were e induced by ox-LDL was observed by detecting the expressions of MCP-1 and VCAM-1. The dose-effect relationship of DHEA was also observed. The mRNA levels of MCP-1 and VCAM-1 in untranfected VSMCs was significantly upregulated after 24 h induced by 50 mg/L ox-LDL. However, the expressions were obviously downregulated after the addition of DHEA and ox-LDL. This indicates that DHEA has the ability to inhibit ox-LDL induced expression of MCP-1 and VCAM-1 in VSMCs. And the different dose of DHEA had different anti-atherogenic effect. 50 µmol/L DHEA had little effect, and 0.5 µmol/L DHEA had the effect just little than 5 µmol/L DHEA. These results reflect that high concentration of DHEA did not have high anti-atherogenic effect but also would reduce this effect. And low concentrations of DHEA could not exert enough anti-atherogenic effects. DHEA alone did not change the expressions of MCP-1 and VCAM-1 mRNA in VSMCs compared with the normal control group. This demonstrated that DHEA has no effect on normal VSMCs. The results of MCP-1 and VCAM-1 protein reflected the difference of 6 groups as same as in gene level. All of these suggested that DHEA executes its antiatherosclerotic effect by influencing the expression of MCP-1 and VCAM-1.
Atherosclerosis is characterized by intimal lesions called atheromas or fibrofatty plaques that protrude into the vascular lumen, weaken the underlying media, leading to a number of complications [21] . The initiating event of atherosclerosis is an endothelial dysfunction followed by smooth muscle proliferation and architectural disruption of the vessel [22] . Monocytes are then recruited by endothelial cells and invade the sub-intimal space by a complex mechanism characterized by the enhanced expression of chemoattractant interleukins, adhesion molecules.
DHEA and its sulfate DHEAS are weak but highly abundant adrenal androgens that in both men and women. Although DHEA and DHEAS have few intrinsic androgenic actions, recent studies have found that they have widespread effects. DHEA biosynthesis decreases with age and the resulting low plasma levels might be associated with the development of diseases linked to aging such as atherosclerosis [23] . Many researches investigated that DHEA may be an endogenous anti-atherogenic factor. It is speculated to have a wide application perspective on treatment and prevention of athrosclerosis, although the mechanism of action remains unclear. As we all know, atherosclerosis is recognized as an inflammatory process. So there are some researchers thought that DHEA might have a protective role against atherosclerosis through mediating inflammatory action. López-Marure evaluated the effects of DHEA on several molecules involved in the inflammatory response. The results suggest that DHEA inhibits the expression of molecules involved in the inflammatory process in endothelial cells activated with ox-LDL, such as reactive oxygen species (ROS) production, intracellular adhesion molecule-1 (ICAM-1), platelet endothelial cell adhesion molecule-1 (PECAM-1) [24] . Our study proposed that a putative mechanism of DHEA antiatherosclerotic effect may be the interference with the adhesion of inflammatory cells as a result of a lower expression of cell adhesion molecules and chemoattractant interleukins induced by DHEA. Epidemiological studies showed an inverse relationship between cardiovascular mortality and plasma DHEA(S) levels in men [25, 26] . There have been some reports about the clinical application of DHEA [27, 28] . As DHEA has so many functions, a lot of studies were developed to determine its precise mechanism. However, the possibility of it having biological actions in its own right has been largely overlooked, in that it has generally been assumed that its actions reflect conversion to androgenic and estrogenic metabolites. Evidence in favor of this assumption includes the presence of many enzymes responsible for the bioconversion of DHEA including aromatase cytochrome P450 (P450 arom), which can aromatize androgens into estrogens in many peripheral tissues and perhaps also in VSMCs. This is supported by the findings of Hayashi et al who demonstrated that the anti-atherogenic effects of DHEA in ovariectomized female rabbits can be partially (50%) blocked by the aromatase inhibitor fadrozole [29] . Furthermore, numerous studies have shown that DHEA administration results in increased levels of androgens and estrogens and that prolonged pretreatment periods with DHEA are required before an effect is observed, suggesting that the actions of DHEA may result from the production and subsequent action of estrogenic or androgenic metabolites arising from DHEA conversion.
To resolve the ambiguity of whether DHEA plays an anti-atherogenic action by conversion to androgenic and estrogenic metabolites, CYP19 was transfected into VSMCs and the expression of MCP-1 and VCAM-1 gene and protein were detected in the cells that were given DHEA and ox-LDL. P450 arom is the key enzyme that catalyzes the conversion of C19 steroids to estrogens and is encoded by a single gene (CYP19) in the human genome. It has been reported that DHEA converts into androgen and estrogen through the CYP19 coded enzyme P450 arom. So the activity of P450 arom is important to the function of DHEA to certain tissues. Consequently, the groups induced by ox-LDL had the most quantities of MCP-1 and VCAM-1, the normal control groups had the lowest MCP-1 and VCAM-1 levels, but the corresponding groups had no conspicuous difference with each other. These results suggested that the cells transfected with PCMV-CYP19 and PCMV had the same conditions and ox-LDL successfully induced the cells into atherosclerotic foam cells. The addition of 5 µmol/L DHEA to the medium reduced the expression level of MCP-1 and VCAM-1, which indicated that DHEA has an anti-atherosclerotic effect. The comparison between the ox-LDL and DHEA group that was transfected with the plasmid of PCMV-CYP19 or PCMV had no observed difference regardless of the gene or protein level. This was not consistent with the hypothesis that if DHEA plays an atheroprotective effect through conversion, the cells tranfected with PCMV-CYP19 would enhance its conversion and the expressions of MCP-1 and VCAM-1 would be apparently attenuated.
It has been indicated that P450 arom has many promoters and in vascular smooth muscle cells and THP-1 cells, the main promoter is exon I.6. Retinoic acid receptor can increase the expression of P450 arom through promoter after it has been activated [30, 31] . All trans-retinoic acids (atRA) are activators of retinoic acid receptors. Maiti et al indicated that atRA can induce the expression of P450 arom [32] . Some researchers have indicated that it can reduce intimal thickening after balloon angioplasty in atherosclerotic rabbits [33] . Therefore, to further research the atheroprotective properties of DHEA with conversion, atRA was designed in an animal experiment. As stated previously, atRA would promote the effect of DHEA if it converted into androgen and estrogen. However, the results of this study did not find any obvious advanced function of atRA to the anti-atherogenesis of DHEA in NZW rabbits without intimal mechanical injury after being fed with HCD and DHEA. There were no significant differences in serum lipid levels, aortic fatty streak lesions and the expressions of MCP-1 and VCAM-1 in groups 2 and 3. This suggested that DHEA might not play the anti-atherogenic function by converting into androgen or estrogen.
Recently, the possibility of direct actions of DHEA has been increasingly canvassed. High-affinity binding sites for DHEA were identified in bovine endothelial cells suggesting that DHEA may exhibit direct vascular effects [34] . Simoncin et al are of the same opinion in that there might be receptormediated anti-atherogenic action of DHEA independent of the metabolism and conversion of it in peripheral tissue [35] . DHEA has also been shown to activate endothelial nitric oxide synthase (eNOS) in endothelial cells [34, 36] potentially via a G-protein coupled plasma membrane receptor [33] . Its genomic and nongenomic effects are not blocked by antagonists of the estrogen, progesterone, glucocorticoid, or androgen receptors [36] . Similarly, DHEA affects extracellular signal-regulated kinase 1 (ERK-1) phosphorylation in human vascular smooth muscle cells independently of androgen and estrogen receptors [37] . Results from Zapata et al show that DHEA inhibits the proliferation of HUVEC in a dose-dependent manner. This anti-proliferative effect is associated with cell cycle arrest in the G1 phase, an increase in the active form of RB protein, an increase in the expression of p21 and p53, and the absence of apoptotic cell death [38] . As atherosclerosis is an inflammation, some researchers found that it could reduce interleuking-6 (IL-6), IL-10, serum amyloid P substance, and serum immunoglobulin (Ig) in aged mice treated with DHEAS [39, 40] . Dehydroepiandrosterone delays LDL oxidation in vitro and attenuates several oxLDL-induced inflammatory responses in endothelial cells, such as ICAM-1, PECAM-1 and VCAM-1; DHEA inhibited ox-LDL-induced ROS production; and DHEA increased AP-1 translocation [24] . Dehydroepiandrosterone inhibits the tumor necrosis factor-α-induced inflammatory response in human umbilical vein endothelial cells [41] . Therefore, its potential anti-inflammatory properties should be evaluated for the treatment of chronic inflammatory diseases such as atherosclerosis.
Many possible mechanisms might be involved in the atheroprotective effect of DHEA. The results of our study indicated that the anti-atherosclerotic effect of DHEA has no obvious relationship with the bioconversion to androgenic and estrogenic metabolites, but it does have a strong possibility of having its own bioactivity in VSMCs. Further investigations are required to ascertain the mechanism of DHEA in anti-atherogenesis.
